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(71) We, Pacbsetter Systems Inc, a 
California corporation, residing at 12740 San 
Fernando Road, Sylmar, California 91342, 
United States of America, do hereby declare 
the invention, for which we pray that a 

gatent may be granted to us, and the method 
y which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — 

Hus invention relates to a rechargeable 
tissue stimulating system including a re- 
chargeable voltage source, for implantation 
in a li^dng being, and means for r^ulatiag 
recharging of the voltage source through the 
use of a telemetry circuit. 

Tissue stimulating systems currently jfind 
a principal application in maintaining heart 
rhythm in a living patient through an im- 
planted electrical pulse generating source. 
While sudi devices axe used almost exclu- 
sively as cardiac pacemakers, they may also 
find other applications, including the actua- 
tion of prostiietic devices, and correction for 
respiratory and circulatory disfunctions. 

When utilized for the purpose of maintain- 
ing an acceptable heart beat in a patient, a 
cath^er is passed through a vein and wed^ 
into the heart muscle at the bottom of the 
right veatricle. The catheter leads to a pulse 
generator operated by a d.c, voltage source 
and located externally of the rib cage be- 
neath the surface of the skin of the patient. 
To avoid the physical dangers and psydho- 
lagical distaste for frequent periodic opera- 
tions to replace the voltage source, it has 
been found highly desirable to utilize a 
cardiac pacemaker employing a rechargeable 
voltage source. A very suitable voltage 
source has been found to be a single cell, 
nickel-cadmium battery capable of produc- 
ing a nominal 1.25 volts with a capacity of 



200 milliamp hours. Such a voltage source 
will have a useful lift of approximately 10 
years. Other conventional voltage sources 
for pacemakers have a much shorter useful 
life averaging approximately 22 months. 

With a rechargable voltage source and 
with a reduction in the physical size of car- 
diac pacemakers, it has become very diflS- 
cut to accurately locate the chargmg circuit 
for the pacemakers and to ensure that re- 
char^ng actually does occur when the 
power source for recharging the battery is in 
operation. It is particularly significant in 
this regard that redbiarging is a brief but fre- 
quent lade which is desirably performed by 
tile patient at his conveaience. Since charg- 
ing usuaDy does not occur in the presence of 
a physician, the physician is unable to posi- 
tively determine that proper periodic charg- 
ing has occurred due to physiological 
changes in the patient, such as increased 
pulse rate. Indeed, even if recharging were to 
take place in the presence of a physician, the 
physician would not be able to ascertain 
with any degree of certainty whetiier or not 
the rechargeable battery actuafly received 
the appropriate charge. 

According to this invention there is pro- 
vided a rechargeable tissue stimidating sys- 
tem comprising; 

means implantable in a living subject 
for applying electrical pulses to stimulate 
selected tissue of said subject, said means 
including a rechargeable voltage source 
supplying power for said pulses; 

mtemal means, including internal charg- 
ing means, implantable in said subject 
for providing a charging currait, and for 
applymg said charging current to said 
voltage source; 
external power means, ext^nal to said 
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living subject for supplying power to said 
internal charging means througji tlie sub- 
ject's sidn, said external power means ^ 
being positipnable external to said livings 
5 subject proximate to said internal charg- 
ing means; 

telemetry means implantable in said 
subject and connected to said internal 
charging means for detecting the magni- 
10 tude of the char^g current provided by 
said internal charging means and for pirb- 
vidmg an output sigoal indicative of the 
magnitude , of the charging current pro- 
vided by said internal charging means; 
15 external circuit means external to said 
subject, for receivLog the output signal 
from said telementry means and for pro- 
ducing an external output signal indica- 
tive of the majgnitude of the charging cur- 
20 rent provided by said internal charging 
means; and 

external control means connected to 
said external power means and to said 
external curcuit means for controlling the 
25 power supplied by said external power 
means as a fuhction of said external out- 
put signal, which indicates the magnitude 
of the charging current provided ^said 
internal charging means/ to liinit said 
30 charging current magnitude not to exceed 
a predetermined limit 
This invention is described in greater de- 
tail with reference to the accompanying 
drawings in which: v 
35 Figure 1 is a block diagram df the tissue 
stimulating system, 

iFigure 2 is a schematic decbicial diagram 
of the charging and telemetry circuit of 
Figure^ 1; ' ^ - 

40 Figure 3 is an electrical schiematic diagram 
of a; tissue stiniulator according to Figure I, 
Figure 4 is an electrical schematic diagram 
of the charge head and power source circuits 
of Figure I, 

45 Figure 4A is an electrical schematic dia- 
gram of a portion of the transducer, of 
Figure!, 

Figure 4B is: an electrical schematic dia- 
gram of the remaining portion of the trans- 
50 ducer of Figure 1, 

Figure 5 is an electrical diagram illustrat- 
ing various additional features of the tissue 
stimulating system of Figure I. 
Figure 6 is a front perspective view of a 
55 portable power source and transducer. 

Figure 7 is a rear perspective view of the 
power source and transducer of Figure 6. . 

Figure 8 . illustrates the character of the 
special harness which can be used in con- 
60 junction with this invention, ^.^ ' 

: Figure 9 illustrates the variation of the 
magnetic charging field with respect to time, 
Figure.'lO iDustrates the structural con- 
figuration of;thei implanted portions of the/ 
65 tissue stimulating system, of Figure 1. / 



Referring now to Figure l,^there is illus- 
trated a rechargeable tissue stimulatmg sys- 
tem' comprising a charging circuit 10, a tele- 
metry ckcuit 12, a tissue stiihulator 11 and 
a catheter 16, all designed for implantation 70 
into the body of a living patient. The system 
further includes a power source 13 with a 
transducer 14 in the form of a detector 
ckcuit, for recharging and for verifying the 
charging condition of the implanted portions 75 
of the tissue stimulating system. The power 
source 13 employs a power oscillator ckcuit 
104 to generate a 21 kilohertz electric cur- 
rent which powers the charge head 42. Part 
of this current is detected on tixe charging 80 
head 42 and sent to the detector ckciiiti or 
transducer 14. The output of transducer 14 
is used to control the power oscillator output 
energy and is used to drive the timmg 
means 6U which includes a timing and in- 85 
dicator ckcuit. 

The chargmg ckcuit is illustrated in 
Figure 2 and includes two induction coils 17 
and 18. The output from the induction coil 
17 is rectified, and the output leads 51 and 90 
52 are connected to the tissue stimulator of 
Figure 3. The mduction coils 17 arid 18 are 
broad band frequency coils, not tuned coils. 
This is advantageous in that the isystem does 
not have to be critically timed and may be 95 
recharged at a different frequency if that 
is found deskable (e.^:. to avoid a specific 
mtcrference vrith external nearby electrical 
equipment). A 21 kilohertz chargmg .signal 
is generated by the power source 13 for re- 100 
charging the battery 15 of the tissue stimulat- 
mg systejtn. This frequency is preferred be- 
cause it is a low frequency that is also above 
audio;, however, any frequency which will 
permit energy passage througji tissue without 105 
excessive loss may be used. The entire wave- 
form of the current induced in the induction 
coil 17 is rectified by the diodes CRl and 
CR2 to produce a d.c. output This pro- 
duces a positive voltage at the cathode of 110 
the diodes CRl and CR2 relative to the 
center tap of the induction coil 17. Charg- 
ing current passes throiigji the current 
sampling resistor R9 and throu^ the diode 
CR5 to the tissue stimulator. The return 115 
current path is through the electrical lead 
52 bade to the center tap of the induction 
coil 17. 

the.telOTietry ckcuit 12 is compri&d in 
part of the transistors Q2 and 03, vMsAa to- 120 
gether form a free-running multivibrator 
coupled through capacitors C3 and C4. Base 
current for transistors Q2 and Q3 comes 
from the collectors of transistors Q4 and Q5. 
The current to the bases of transistors Q2 125 
and Q3 and capacitors C3 and C4 controls 
the frequency of the multivibrator. The col- 
lector, current of Q4 and Q5 is controlled by 
the voltage drop across the series combina- 
tion of the emitter resistors R4 and R5 and 130 
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the emitter-base junction of transistors Q4 
and Q5. The voltage across the emitter, re- 
sistors R4 and R5 is almost equal to, the ^ 
voltage acroiss the i current sampling resistpy .1 

5 R9 because the base-emitter voltage drops y 
of transistors Q4 and Q5 are each close to* 
the base ©tnitter voltage drop of transistor - 
Q6. A small amount of current is permitted 
to flow through transistor Q6 by its collector 

10 resistor R7 in order to permit a base-emitter 
voltage, drop in transistor Q6 thai will vary 
with temperature, in, the same way as do 
the base emitter voltage drops in transistors 
Q4 and Q5. Thus as 5ie voltage across cur- 

15 rent sampling resistor. R? increases, a pro- 
portional voltage increase : will occur across 
resistors R4 and R5.. Since the collector cur^ 
rent through transistors Q4 and Q5 is deter-. * 
mined by the voltage .across R4 and R5, >the 

20 current througjh resistor ■ R9 controls .the, fre- - 
quen(y of the multivibrator ici ,.an almost ' 
linear ; fashion. The current flow:,from tiie 
collector of transistor Q2 is used to turn (Ori 
and off the transistor Ql at the fifequency 

25 of the mifltivibrator. Every time Ql is 
tumed^ on, alternate sides of induction coil 
18 are shorted for the separate halves of each' i 
cycle of, the 21 kilohertz ; chargiag sigaal i 
wh&x it is present. Thus, when Ql is' turned 

30 on, the 2t kilohertz field is loaded down by : 
the equivalent ota shorted coil equal to; one 
side of inductor, 18. The 21 kilohertz field : 
from the power source 13 is thereby, alt^- 
nately Ipaded and unloaded at a rate deter; ^ 

35 mined by the freerrunning multivibrator. ' 
Connection of , tho transisto^ Qltd the indue-- 
tion coil 1,8 is completed througji &e . diodes 
CR3 and 014, \yith the transistor Ql acting 
as a switch to valternately vary the load of 

40 the charging field. , r, v ; . , 

Magnetic field strength between the induce 
tiqn coils , of the pojver source and charging 
circuit is illustrated with respect to time in 
Figure 9, The interval t during which loading 

45, of the charging field is- increased (and fieJd' 
strength thereby reduced) varies with the 
frequency, .of operation of the telemetry 
circuit' As ^has previously been explained, 
the telcanetry frequency is controlled,- by tihe 

50 transistors Q2 and Q3, which arc in turn 
cpiitrolled by the current through the current 
sampling resistor .R9. As the charging fidd^ 
energy increases, the initial current tWough ' 
resistor R9 , is the charging curraat to the 

55 battoy 15 of the tissue - sthnidator. (neglect-, 
ing the base-emitter ,cun:im 
shunt current regulator is not initially turned^ 
on. The shunt current regulator is com- 
prised of the current* shunting transistor Q7 . 

60 and the shiint resistor R8, , which ^ biases the 
base of transistor Q7. llie shunt current 
r^ulator 'maintains a substantially constant- 
cuTTMit through the resistor . R8; :whi<Ax is 
coimected in series with the rectified^ output:* 

65 . leads 51 and 52. The zener diodeVRl, pre- 



vents tiie rectified output voltage on the leads 
51 and 52 from becomiiig too great if bat- 
tery 15 should open. This prevents dang^- 
ously high stimulation rates from developing 
in case of an open circuit in that part of the 70 
tissue stimulator which is in series with 
battery 15 and thereby obviates the pos- 
sibility of dama^ to the tissue being stimu- 
lated from excessive rates. 

As' the current throug}i resistor R8 in- 75 
creases in the operation of the shunt current 
regulator, the voltage dilSerential at the base 
emitter junction of transistor 'Q7 will also 
increase, vrfiich will cause transistor Q7 to 
conduct to a greater extent and thus to di- 80 
vert some , of the curirent which is passing 
through the resistor. ,When the transistor Q7 
starts to conduct," it icads to Iceep the cur- 
demt; through; resistor substo oon- 
staiit.' For a given trariisistor temperature, the 85 
current level is det^mined by the . value of 
resistor R8. For examplej if one wanted to 
mdntm^ a ;diargiQg.,c^ of 40:: rnijlli- 
amperes into the battery; IS^^and the base- 
enutter voltage drop required to initiate con- 90 
ductsmce in^^ t^ is 0.4 volts, one 

would select^ a resistance, value for resistor 
R8; such that 40 niilliamperes ^w^ produce 
a 0.4. voltage diflferentiad between the base- 
emitter leads of ttaifeistor Q7. :If rtiie cur- 95 
rent began, to mcreasq beyond 40 niilli- 
amper^s, tikisiste to an 

inc^reasiiig ^eht. Such an^ k^c^easing load 
would alter the telemeli^ siig^Dial created by 
the transistor Qi. As long; the- 100 
through resistor R^^^^ at 40 mjOUi- 

athijeres or above, charging (Of t^^ 
15 is considered to be proper. The diode 
CR5 prevents any type: of short circuit from 
devddpihg between . leadis Si^and 52 mi the 105 
region between inductors r47 and .18 and 
diode CR5.;\ . .-/^^ 

As a further safety feature, the implant-' 
able J charging circuit of Figure 2 utilizes a 
zener diode iVRL set at a < predeteicmined 110 
maximum operating voltage and connected 
across the rectified output leads 51 and 52. 
This . maximimoL operatiiig : voltage would 
typically not exceed five volts, and more de- 
sirably: would not exceed 3i6 volts. - This 115 
feature provides a positive protection against 
hi^ voltage ever existing aidross the leads 
51 and 52, and so provides anotiier measure 
of safety against an inordinatdy large stimu- 
lus rate occurring at catheter 46,' and there- 120 
by prevents the occurrence of such dangers 
as- triggering ventricular fibrillation when' the 
heart is the tissue stimulated, an occurrence 
which usually results in' the death of -the 
patient. As previously explained, the diode 125 
CR5 in series with one of tibe rectified output 
leads 51 or 52 from the chargjudg ckcuit pre- 
vents the cell 15 from bein^ drained due to 
a short in the charging circuit, such as might 
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the emitter-base junction of transistors Q4 
and Q5. The voltage across the emitter re- 
sistors R4 and R5 is almost equal to the 
voltage across the current sampling resistor 

5 R9 because the base-emitter volt^e 4-ops 
of transistors Q4 and Q5 are each close to 
the base emitter voltage drop of transistor 
Q6. A small amount of current is permitted 
to flow through transistor Q6 by its collector 

10 resistor R7 m order to permit a base-emitter 
voltage drop in transistor Q6 that will vary 
with temperature in the same way as do 
the base emitter voltage drops in transistors 
Q4 and Q5. Thus as 5ie voltage across cur- 

^5 rent sampling resistor R9 increases, a pro- 
portional voltage increase will occur across 
resistors R4 and R5. Since the collector cur- 
rent through transistors Q4 and Q5 is detCT- 
mined by the voltage across R4 and,R5, the 

20 current through resistor R9 controls the fre- 
quency of the multivibrator in an almost 
linear fashion. The current flow from flie 
collector of transistor Q2 is used to turn on 
and oflE the transistor Ql at the frequency 

25 of the mifltivibrator. Every time Ql . is 
turned on, alternate sides of induction coil 
18 are shorted for the separate halves of eadi 
cycle of the 21 kilohertz charpig signal 
when it is present/ Thixs, when Ql is turned 

30 on, the 21 kilohertz field is loaded down by 
the equivalait of a shorted coil equal tp one 
side of inductor 18. , The 21 kiloherte field 
from the; power source 13 is tiiereby alter- 
nately loaded and unloadeii' at a iate deter- 

35 mined by the free^running multivibrator. 
Connection of the transistor Qr^to the induc- 
tion coil 18 is coinpteted through the iib^ 
CR3 and CR4, vidth the tranastor Ql acting 
as a switch to alternately vary the load of 

40 the charging field. 

Magnetic field strierigth between the induc- 
tion coils of the power source; and charging 
circuit is illustrated with 'respect to time in 
Figure 9. The interval t during \rfiich loading 

45 of the chargmg field is increased (and jSdd 
strength thereby reducesd), varies with the 
frequency of operation of tiie telemetry 
circuit As has previously' been explained, 
the telemetry frequency is controlled by the 

50 transistors Q2 and Q3, which are in turn 
controlled by the.current &rough the current 
samplmg resistor R9. Ak'the charging field 
energy increases, the initial current through 
resistor R9 is the charging current, to the 

55 battery 15 of the tissue stimulator (negject- 
ing ttie base-emitter current of Q6), since the 
shunt current regulator is not initially turned 
on. The shunt current regulator is com- 
prised of the current shunting transistor Q7 

60 and the shunt resistor R8, which biases the 
base of transistor Q7, . The shunt current 
regulator maintains , a substantially constant 
current through the resistor R8. , which, is 
connected in series with the rectified output 

65 leads 51 and 52. The zener diode VRl, pre- 



vents the rectified output voltage on the leads 
51 and 52 from becoming too great if l>at- 
tery 15 should open. This prevents danger- 
oudy highistimulation rates from developing 
in case of an open circuit in that part of the 7i 
tissue stimulator which is in series with 
battery 15 and thereby obviates the pos- 
sibility of damage to the tissue being stimu- 
lated from excessive rates. 

As the current througji resistor R8 in- li 
creases in the operation of th6 shunt current 
regulator, the voltage differential at the base 
emitter junction of transistor Q7 will also 
increase, which will cause transistor Q7 to 
conduct to a greater extent and thus to di- 8< 
vert some of the current which is passing 
through the re^stor. Wbsa the transistor Q7 
starts to conduct^ it tends to keep the cur- 
dent through resistor R8 substantially con- 
stant. For a given transistor temperature, the 8 
current level is deternained by the value oiE 
resistor R8. For , example, if one wanted to 
maintain a chariging current of 40 inilli- 
amp^es into the battery 15, and the base- . 
emitter voltage drop reqmred to initiate con- 9 
ductance in transistor Q7 is 0.4 volts, one 
would select a resistance value for resistor 
R8 such that 40 niilliamperes would produce 
a 0.4 voltage diffeientid between the base- 
emitter leads of transistor Q7. ff the cur- 9 
teat be^ to increase beyond 40 milli- 
amperes, transistor 07 would conduct to an 
mcreasmg extent. Such an incre^ii^ load 
would alter the telemetry signal created by . 
the transistor Ql. As long as the current 10 
thfougji resistor; R9 remains at 40 inilli- 
amperes or above, charging oi the battery 
15 is considered to; be proper. The dibcle 
CEb jprevents any type of short chcuit irom 
devdpping between leads 51 and 52 in the 10 
region between inductors 17 and 18 and 
diode CR5. 

As a iEurther safety feature, the implant- 
able charging circuit of Figure 2 utilizes a 
zener diode VRl set at a predetermined 11 
maximum operating voltage and connected 
across the rectified output leads .51 and 52. 
This maximum operating voltage would 
typically not exceed five yolts, and more de- 
sirably would not exceed 3.6 volts. This 11 
feature provides a positive protection against 
hig^ voltage ever existing across, the leads 
,51 and 52, and so provides anotiier measure 
of safety agaiast an inordinatdy large stiniu- ^ 
lus rate occurring , at catheter 16, and there- 12 
by. prevents the occurrence of such dangers 
as tri^ring ventricular fibrillation ^en the 
heart is the tissue stinaulated, an occurrence 
which usually results in the death of the 
patient As previously explained, the diode 12 
CR5 in series with one of me rectified output 
leads 51 or 52 fronx the charging circuit pre- 
verits the cell 15 from bein^ drained due to 
a short in the charging circuit, such as might 
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occur in the transistors' Q6 of Q7 or the 
capacitor CI, - ■ 

A' separate telemetry inducUdh i^ is 
utilized in addition to the indfiction-'coil -l? 
5 of; the electrical charging circuit^ for safety 
reasons, although both of the aiilsU? and 
18 majr be considered as part of the induc- 
tion coil of the unplantable charging circuit. 
The separate coils 17 and 18 are used to 

10 prevent any, trouble that develops in , the 
telemetry portion of the ckcuit from infiibit- 
mg proper charging .of the cell 15. That is, 
axiy short or open circuits that occur be- 
tween the resistors R4 or R3 and indiicdon 

15 coil 18 will riot affect the , recharging of the 
battery "15. . . , ' . „ 1 
■ The; manner pf operation of ^the magnetic 
output signal fromvtoe telerdetry^circuit 12t6 
ths transducer ;14 may be emlairied as folr 

20 lows.:. The, iria^etic flux /existing between 
the induction -coils of /the external electrical 
charging power source; 13 and those oiE the 
implantable charging circuit 10 varies in, in- 
tensity in a regulaf.manner as aiustrated^^ 

25 Figure, 9. The extent to. which the ma^ 
field geiieratedVby the, power sourceV lS . is 
loaded determines the maximum amplitude 
of the magnetic fidd. That isi the great^ the 
Ipaduig by the charginjg .circuit (and tele- 

'30 nietry circuit) the smaller will be the ampli- 
tude of the inagnetic field. The frequency 
the rapid . loa^ng and unloading that occurs 
i^will be in direct proportion to the current be- 
ing drawn througji the resistor R9. Since 
: 35 (all current up to a msgdmum level will flow 
. through the rectified output lieads , 51 and 
,52 to charge the battery 15, any cuneht Ifiss 
than this/maxunt^ passing throu^ resistor 
. Bl9 is indicative of inadequate charging of 

40 the battery^ 15. It is the telemetry circuit .12 
(previously described) . which s^es ^ this 
condition arid signals the condition back to 
the induction coil 21 by modulatmg the fre- 
quency of the amplitude peak fluctuation of 
. 45 : tKe* charguig field. That is. with inadequate 
; charging/ the iperiod t of imphtude 'pe^ 
variation , in Figure 9 wifl be inordinately 
long/ As the induction coils of the power 
source are moved closer t6 a ^proper charg- 
. 50 . ing relationship \wth respect to the induction 
xoil of the implatited charging drcriit, the 
period t iri Figure 9 will decrease. ' That'is. 
the frequency of magnetic fidd strength peak 
ariiplitude .wffl increase. When this frequency 

55 increases sufficiently to indicate' that the 
maximum charging current through resistor 
= R9 Has been reached, the dectri^ control 
' signal generated in transducer 14 by the miag- 
netic output signal- froni the teleriietry 

60 circuit 12 will produce 6Iianges in the regu- 
lation of the power source^ 13. These changes 
include altering' the wnditioh bf the charg- 
ing status indicating ligjit'enaittirig diodes 26 
and 27, altering the activation condition of 

65 the buzzer 28, generating a signal on circuit 



59 to alter the outi>ut of the current control 
means 60 and turning on the timing means 
61 to actuate register 31 to indicate ,that 
proper charging of the tissue stunulating 
system is occurring. 70 

The telemetry circuit and transduber de- 
picted in the drawings operate by loading 
down an exicting /electromagnetic field with 
a telemetry circuit, and governing operation 
of the power source 13 in accordance with 75 
the' effect that the telemetry ckcuit 12 has 
on the dectrpmagnetic field induced by the 
power source 13. It should be realized, how- 
eVOT, that there are other forms of magnetic 
output signal generation and other fonris of 80 
transducers appropriate for the different 
types of riiagnetic output, signals. For ex- 
ainpK (1) an electroniagnetic signal could 
be transmitted back to a transducer at. a fre- 
quenqy differeintifrom. the chargmg 'fre- 85 
qiiency; (2) .the power source coidd ' be 
turned pff and oi^ J^d a short signal m- 
dicative of -the previous . charging curr^t 
ciufent through resistor 'R5 co fe- 
turned to transduce during the Joff period, 90 
or (3) a piezoiblectric ciystal could be used 
■in the feljme to geri^ate .an 

'acoustic output Signal indicating thb degiree 
^of charge.V.. ' Z ' v-" 

^ In addition,' different paraineters can hie 95 
used;;'£is signffi in the magrietia 

output isi^iaL A .single frequency modula- 
tion: linearly idated to Jp^u'ariieters such as 
chafging' cuCTert m Two 
differerit; frequena^^ be used to in- ,100 
dicate ■ adequate .or inadequate charging. A 
; yaimtibn\/6f tt^ latter riipde . of operation 
: wbidd W signal to be re- 

turned bmy 'if the unit were charging pro- 
perly. In addition, various combhaations of 105 
amplitude arid frequency modulation could 
he erriployed in lieu of the form of frequency 
modulation utilized in: the apparatus de- ' 



^ ; Returning to' the power source illustrated 110 
in Figure 4, a current control means 6Q pro- 
duces a constant current flow at its biitput 
into the induction coil 24. The current con- 
tror means 60 includes' fesistoris B23 arid 
R24 c6nhecaEed:in parallel with each other 115 
arid in series with .me basei^^emitter junction 
;6f transiistof Ql5, this combination being in 

EaraDel with diodes CR5, and CR6 located 
etween the base-raiitter junction of transis- 
tor Q15. ; A d.d po^ver sdui-ce in the form 120 
of a rechargeable bittery 53 has' one term- 
inal connected to theise curcuit eleriierits and 
another tOTmrial connected to the resistor 
R25;- leading -from the base of transistor 
Q15. " Of course the electrical control signal 125 
oh lead 59 from , the transducer adjusts the 
current output from the current . control 
means 60 to the mductibn coil '24 ,hi order 
to adjust the strength of the . riiagrietib field . 
applied to the "iriiplanted ctiargmg circuit. 130 
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That is, when the current passing throu^ 
resistor R9 in the charging drcuit exceeds 
a maximum operating level, the signal from 
circuit 59 will lower the ou^ut current from 
5 current control means 60. This lowered out- 
put current, throu^ the use of induction 
coils 22, 23 and 24, results in a reduced 
magnetic field strength acting between the 
mduction coils 19. 20 and 21 of the power 

10 source and induction coils 17 and 18 of the 
charging circuit 

The power oscillator circuit 104 consists 
of two transistors Q16 and Q17 that are 
dffectly connected to transformers 20 and 

15 23 and inductively coupled to coils 19, 21 
and 100. When the power oscillator circuit 
is first turned on, the base of transistor Ql6 
is madejpositive by resistor R26 which is 
connected to the primary of the transformer 

20 23. The counter tap of transformer 23 is 
connected to rechargeable battery 53 throti^ 
the inductor 24 and throu^ the curirent con- 
trol means :60. When the base of txaiaistor 
Q16 is made positive, Q16 conducts heaAdly 

25 and current flows throu^ the half of primary 
23 that is connected to the collector of tran- 
sistor Q16. This current flow is tran^ormer 
coupled to the secondary 22 and connected 
from there to the coil 19 on the charging 

30 head. Current flow in coil 19 magnetically 
induces a current flow in coil 20 in such a 
maimer as to drive the base of transistor Qi6 
negatively and the base of transistor Q17 
positively; This then causes transistor Q16 

'35 to. turn off and transistor Q17 to tiim on 
causing a new current t<y flow in' the otiier 
half of primary 23. The currerit flbw m the 
second half of coil 23 ma:ghetic^y induces 
an opposite curreiit to : flow' in coil"22. This 

40 current flowing now in the direction of coil 
19 causes a reversal of the current flow in 
coil 20, which reverses the situation causing 
transistor Q16 to conduct and transistor Q17 
to turn off. In this way oscillation is main- 

45 tained. The frequency of the oscUlator is 
controlled by the build-up and collapse of 
the. magnetic , field on the charging head 42 
and the main controlling dement for this 
build-up and collapse of the charging field 

50 is coil 100 and the capacitor C28, V(^ch is 
connected to it. Resistors R27 and R30 limit 
the current flowing into the bases of transiis- 
tors Q16 and Q17. The cucuit consisting of 
resistors R28, R29, and R31, and diodes 

55 CR8 and CR9, and capacitor C14 also pro- 
tects the bases of transistors Q16 and Q17 
from going positive too far. Diodes GR7A 
and CR7B prevent the bases of transistors 
Q16 and Q17 from being driven below the 

60 forward bias drop thereof and thus protects 
the collector-emitter junctionis of transistors 
Q16 and Q17 from being dairiaged by exces- 
sive:reverse biasing. : 
When lead 101 of coil 20 ns positive tela- 

65 tive to lead 102, the following current flow 



occurs : diode 085 conducts and diode CR8 
opens and jdie cuiient flows Ihrbugii resis- 
tor R27 itKtpugh the emitter-baise junction 
of transistor: Q16, (turning on transistor 
Q16) thrpufiji;the parallel network of resistor 70 
R31 and capacitor C14 throu^ diode CR9 
tiurough resistor R29 back to lead 102. In 
that situation ttie base-emitter punction of 
transistor Q17 is back biased. When transis- 
tor Q16 starts to conduct, diode CR7B pre- 75 
vents the collector of transistor Q17 from 
gomg much more negative than the emitter 
of transistor Q17. lilcewise, when lead 102 
of coil 20 is positive relative to lead 101, the 
current flow is throu^ resistor R30, through 80 
the emitter-base junction of tronsistor Q17 
(which , is turned /on), throng tlie parallel 
network of resistor R31 "arid capacitor €14 
through diode ,CR8 (diode r CR9 being re- 
yersed biased) through resistor jR28 back to 85 
lead 101. CR7A prevents negative transients 
on the collector of transistor Qi6 from 
damagmg that, transistor.: When power is 
first applied to the circuit, transistor Q16 
is iiiQmediately turned on througji the bias 90 
current that flows through resistor R26. This 
guarantees that the circuit will start oscil- 
lating immediately and not ever reach a state 
where neither transistor Q16 nor transistor 
Q17 conducts. , 95 

In the operation of the telemetry detection 
circuit, the signal of the magnetic field is 
picked up by coil 21 in the charging head 
,42, rectified by the full wave rectifymg net- 
,wprk 25 (Figure 4A).and is sent flirou^ the 100 
band pass filter 105 consisting of resistors 
vR32 through R35 : and capacitors G15 
%pugh C18; . 

: The output oi the band pass filter 105 
drives the tuned amplifier 106 consisting of 105 
amplifier Al, resistors R36 throu^ R39 

- and capadtor C27. The tuned amplifier 106 
is capacitatively coupled via C26 to the low 
pass filter 107, consisting of amplifier A2, 
capacitor C21 arid resistor R40. The output 110 
of the low paiss filter is sent back throurfi 
capacitor C19 to the tuned amplifier to 
stabilize that part of the cfrcuit and is capa- 
citivdy coupled tiirough C22 to the fre- 
quency-tp-volkge converter 108, consisting 115 
of amiplifier A3, capacitor C20, resistor R41 
and diode CR20. Diode CR20 develops a 
d.c: bias at the input oJ amplifier A3 which 
increases due to the reduction of the feed- 
back signal caused by the reactance changes 120 
^ capacitors C22 and JC20 as a function of 
frequency. The output of 'tiie frequency-to- 
voltage converter 108: drives, the comparator 
cnrcuit 109 consisting of amplifier A4. resis- 
tors R42 through R44. aiid capacitor C23. 125 
By settmg tiie value of resistor R42, the out- 
put of the amplifier A4 goes positive when 
the output of amplifier A3 goes below tiie 
voltage to vAnch tiie tap of resistor R42 is 
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. adjusted. When this occurs, the. output of 
amplifier A4 goes positive thereby turning 
oh transistor Q18 wMcli' kcfeases' the base- 
emitter current in transistor.Ql^."', jhe dutput 
5 of the voltage comparator anipiifi^jr 'A^ in- 
creases in the negative directidtf ai^ the in- 
put frequency increases. 

Increasing the current flow through tran- 
sistor Q18 uicreaies the currient flow in tran- 

10 sistor Q15 through line 59! transistor QIS 
is a constant current regulator. The. current 
flowing out of the collector of Q15 is deter- 
* mined by the voltage drop across the series 
-diode circuit consisting of diodes CR5 arid 

15 CR6 and ^the; impedance of the pirallel 
'circuit consisting - of iresi^ors R24 and R23 
which is in series ' with the '^base^mitter 
junction of tr^istor ^15. Increaseid euro 
•flow in line 59 causes the voltage' across 

20 diodes'CRS and CRJ^ to indrease thiis in- 

- crieasing tlie current which the purrent regu- 
lator 60 will pass. Lifewise; decreasing , the 
cun:ent"l3ow in-line 59 decreases, the ciur- 
rent' which the current regulator 60 wifl pass. 

25 It is through the Ime 59 that the transducer 
14 acts upon the 'curirent control, means 60 
to adjust the strength of the magnetic jSeld 
ajpplied to the charging circuit 10. ; 
The frequehcy-to-voTtage coriversioh, sys- 
30 tern 108 also provides ah output on lead 63. 
This output is connected to a comparison 
^ circuit ;110 (Figure .5) formieid by the opera- 
tional amplifier A5i resistors R46. R47 and 
yR48, .and capacitor C24. connected as in- 
35 idicated.' The resistor '.R46 is adjustable to 
. correspond, to the ' appropriate opeiratihg 
^ charging current throu^ the leads 52 Md 52 
; of the charging circuit implanted in the 
patient. A lamp driver circuit 111 employ- 
40 ing a resistor R49 and lamp driver ampli- 
, fier A6, grounded as' indicated, is connected 
; thi-ough resistor R50 to a light emitting 
diode 26. This light emitting diode 26ypn)- 
^ vides a visual output display as indicated 
45 ^in Figure 6 when the signal on circuit .63 is 
sufficiently great. . The. actuation . of light 
^emitting diode 2(5 Jhdicates that the operat- 
ing current has been' achieved through the 
leads 51 and 52 in the charging circuit, and 
50 that the battery 15 is charging properly. Al- 
ternatively,, Jf the signal on "circuit 63 is in- 
sufficient to kctuate light emittiiig diode 26, 
a signal is passed to a lamp and buizzer oscil- 
latbr and driver cirduit 112 employing' an 
55 ^opyatidnal amplifier A7,, resistors R51 
through R54, diode CRIO, and grounded 

- capacitor G^5, connected as indicated in 
Figure 5, The square. Wave output of circuit 
112 is passed through a resistor . R55 . and 

60 amplified by laitnp ' .driver iamplifisr . A8. A 
light emitting diode^ 27 is kctuated . by the 
square wave from amplifier A8 after it passes 
through the resistor R56. A buzzer is con- 
nected in parallel with light -emitting diode 



^The operator of the charging system is 
thereby appraised that the cell 15 is not be- 
ing properly charged by the flashing ydlow 
li^t from the. light emitting diode 27 and by 
the intermittent buzzer 28, This is an in- 70 
dication to him to adjust the position of the 
charging head 42 containing the induction 
coils 19, 20 and 21 to more properly idign 
these induction coils with the induction coils 
17 and 18 of the charging ckcuit 10. Once 75 
proper alignment has been achieved, the 
yellow light 27 and flie buzzer 28 will be 
rendered inactive and the green li^t 26 will 
be continuously lighted as long as the charg- 
ing hea.d 42 remains in place and at least 80 
the . operating current is maintained through 
, resistor R9. It should be noted, that when 
current larger .than the operating current 
.exists through the .resistor R9, proper charg- 
ing wiD continue to occur because the shunt 85 
^current regulator (transistor Q7 and resistor 
R8) arid the zlmer .diode. 
excessive current or voltage from being ap- 
plied to the battery 15. In this event, a cur- 
rent, control signal- on-line 59 will act to 90 
reduce the int^fy of the: magnetic field, 
juid * thereby reduce the current flowing 
through tiie resistor ^R9. None of this will 
affect tibe dharging of the battery 15, how- 
ever, unless the- c]ment flowing through re- 95 
sistor R0 drops belov/: its operating level. 
This .^yill> be^ sensed by Jthe transducer 
•circuit ; 14 whict ^^ deactivate, the greien 
.li^t emitting diode 26 and reactivate the in- 
,tennittent' operation of, the buzzer 28 and 100 
. ydlow^ li^i emitting diode 27. 
jy'A further . clesirable feature is^a timing 
means 61 responsive to the magnetic output 
signal and inciudmg a register 31 for stor- 
ing a signal indicative of tune elapsed during 105 
which the magn^c output signal indicates 
.that the charghigr current is at least as great 
as a predeternuned iiiiiiimum operating levd. 
Tliat is, the timing means will store signals 
iii the register 31 as Jong as the current 110 
^ througji resistor R9 does not drop below its 
designed pperatmg level. The timing means 
.may /employ, ;a separate- transducer for con- 
■ verting the magnetic output signal to an 
electrical signal,^ but preferably employs the 115 
transducer 14 heretofore described for that 
purpose. Similarly.' the comparator employ- 
ing the amplifier A5! and a driver employ- 
ing amplifier. >A6: are also . shared mth 
. other portions of the system. The compara- 120 
tor S employed as part of the timing means 
for providing a tiniing si^ial when actuated 
by a ^magnetic - output signal exceeding a 
predetennmed^mim'mum level: A time re- 
corder is provided in tiie form of an oscil- 125 
latoi:/33 supplying dock pulses to AND- 
GrATE 29. In the presence of a timing sisnal 
on lead 64 (when lead 64: is low), ttie time 
recorder produces an output signal to actu- 
ate the register 3L for recordmg the time 130 
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elapsed during which a timmg signal is re- coils located in the charging head Al by 

cdved by the timing means 61. In the em- means of an dectrical cord 44, The unit is 

bodim©Qt illustrated, the timing means 61 turned on and off by means of a switch 41. 

further includes a dividing circuit 30 con- Improper charging is signalled by the iriter- 

5 nccted to the register 31 which operates to mitt^t flashing of a yellow ligjit 27 and by 70 

record a number, of identical charging the intermittent sound of the buzzer 28 en- 

pediods of. uniform duration, in the register .closed within the casing of the power source 

31. Furthermore, the raster 31 is incre- 37. The green Hgiht 26 indicates proper 

mented and decremented through the in- charging while a blue light 40, connected 

10 crementing and decrementing leads 66 and in parallel witli ttie buzzer 36, indicates the 75 

65, respectively. An increment from lead 66 expiration of a predetermined interval of 

derived , from the oscillator 33 signifies a proper charging, as recorded in register 31. 

time interval of discharge of the battery 15 The unit 37 may be fastened to the bdt 

in its normal performance within the body of the patient by means of hook 38. A sig- 

15 of the patient. Each such time interval of nal indicated by a red ligjit 39 signifies that 80 

discharge will require an off-setting pre- the charge of the rediarge^le battCTy 53 in 

determined charging interval to restore the the portable pciwer source is at a voltage 

electncal charge dissipated thereby from- the level less thari a predetermined mmi'irinni 

cell ; 15, In tiiiis connection it is neces- ^allowable voltage leveL The patient knows , 

20 sary that a dividing circuit 35 be diosen so that' he therefore must recharge the recharge- 85 

th£^ the incrementing and decrementing able battery 53 as soon as possible. : 

signals on the leads 66 and 65 respectively To facilitate the proper alignment of the 

maintain the appropriate relationship in the induction coils in the charging head 42 of the 

register 31 to accurately correlate charging power source with tiie induction coils in the 

25 time periods with corresponding dischargmg charging unit 10, a harness 45 is provided 90 

intervals. In the circuit illustrated, the time for fastening in position about the upper 

recorder, formed by the oscillator 33 and portion of the human torso indicated gener- 

the AND-GATB 29; is connected througji ally at 50. The harness 45 is provided with 

. the dividing circuit 30 to the decrementing straps 47 and 48 and clasps 46: The harness 

30 lead 65. A clock mechanism, formed by the 45 also has a contact surface 67 for posi- 95 

, oscillator 33 and the AND-GATE 34, is con- ^ tioning proximate to the skin area of the 

nected through the dividing ckcuit 35 to the patient in the vicinity of the diarg^ng circuit 

Micrementing lead 66. Since the ouput of 10, The charging head 42 is also equipped 

AND-GATE 29 is connected to the inverted with a contact surface 43. One of the cour 

35 input of AND-GATE 34, it can be seen tact surfaces 43 and 67 includes: a multi- 100 
that the existence of a timing signal (low plicity of flexible hooks projecting outward 
voltage) on lead 64 iidiibits an output from from the contact surface. The other of the 
the clock mechanism to the incrementing contact surfaces includes a loop jnlei project- 
lead 66. i ^ ^ ing outward therefrom. This form of fasten- 

40 Preferably, the register. 31 ' is provided ing means is illustrated in U.S. Patent No. 105 

with upper and lowier limits which iiihibit the 3.009,235. The contact smf ace 43 is position- 
register from decrementing to a number less ' able in face-to-face rdationdiip with respect 

, than zero^and which also inhibit the register to the contact surface 67 vrtiereby flie hooks 

from incrementing to a number greater than from the' one contact surface become en- 

45 a predetermined maximmri allowable num- gaged in the pile of the other contact surface 110 

ber. This is achieved through conventional with only a sligjit contact between the two 

inhibiting circuitry. If either of these events surfaces.^ The contact surfaces, when posi- 

occurs, an alarm 36 is sounded. Otherwise, tioned in this face-tb-face relationship, 

the number current recorded in register 31 \ thereby resist lateral displacement and angu- 

50 may be visually ascertained from the display lar rotation with respect to each otiier from 115 

unit 32. forces acting laterally therebetween. That 

As an added feature, the buzzer 36 may is, once the contact smface 43 is in the posi- 

be briefly actuated by the re^ster 31 using tion indicated at 49 in Figure 8, where proper 

conventional circuitry each time a charg- charging of the charging circuit 10 is 

55 ing period is recorded therein. Li this man- achieved, the weight of flie charging head 120 

near, a ijatient is automatically im)vided with 42 or any lifting of the patient's torso 50 

an audio signal which informs him that he ^ will not cause misaligmneht between the in- 

need charge his cardiac pacing unit no more duction -coils. . 

at that particular time. * ; - 15ie circuit design of the tissue stimulator 

60 One physical embodiment- of a power in Figure 3 is that of a fixed rate pacemaker. 125 

source for a rechargeable cardiac pacing sys- = The improvement 6f this invention is equally 

tem constructed according to this invention applicable to demand ;paLcemakers as well, 

is illustrated at Figures 6 and 7; The power The physical padiging of. the charging 

som-ce 37 which utoilizes its own recharge- drcuit, telemetry ckcuit, and tissue stimula- 

65 able battery 53 is connected to the induction tor are largely described in U.KL Patent 130 
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Spscffieation Number 1419533, Briefly stated, 
hqweyear. the pulse generating circuitry em- 
ployed coniprises a transistdrrnetwork in- 
cluding transistors Qll,Q12,^iQ13>and Q14 
ipov/ered by the rechargeabfe ^;battery.45 
which is charged by current from leads -51 
and 52 throu^ resistor R22 from the charg- 
ing circuit. Transistors Oil, , Qi2, resistors 
RIO through R19, the base emitter junction 
of Q13 and capacitors Cll and C12 com- 
prise a relaxation: oscillator i that prociuces 
a train of current piolses through the collector 
of Q12. Thcv penod between the pulses is 
determined by ; the lime to charge Cli - via 
terminal A throughi high resistance resistors 
R12 and RI7 towards the ne^tiye voltage 
at the negative tenninal of battery . 15. wWle 
the B terminal, of capacitor , Cll ^is bemg 
held relatively constant at the ..positive volt- 
age of battery 15 through: the series connec- 
tion of low resistance resistors R15, R19. 
R16. RIO and R22 (R16:fe shunted pa^ 
by the base emitter : junction, of ^Q13 and 
R18). This is mainly determined, by the time 
constant of. Cll -and the combined value! of 
R12 and'.RlT. ^During the time between 
pulses, Qll and Q12 are both nonconduct- 
ing. However; when; the base /of Qll be- 
comes negative to the emitter oiE Qll by an 
amount sufficient .:to cause current to flow in 
the, collector of Qll, current from^the col- 
lector of Qll win start to flow throughrR13 
and charging C12 throuj^ the base emitter : 
junction of <Q12 thus turning on Q12. Cur- 
rent from, the cbllectbr.of Q12 wjffl, in.tuni,r 
flow tIirough .R15 , reverse charging- :G11 
through tfierbase, emitter j^^^ <311, , 

Thus Qll is.tumei^ on even harden.This re- 
generative action "causes. Qll and ,Q12; to 
turn on; suddenly. .^Qll^. and' Q12, stay : oni 
until Qll is charged up io the point when 
the chargmg cun-eiit throu^ the base of Qll . 
is not sufficient to main^Jn the regenerative 
feedback. This is determined by time con- 
stants RIS, Cll and RM. Ri3. C12. 

The battery charging current from line 51 
through R22 causes an increase in the rate 
of the relaxation oscillator by increasing the 
effective, voltage ppwermg; the oscillator by 
the voltage .drop across, R2iO. R21 and ' R22. 
Q13 and'. Q14 foM a power amplifier to 
drive , a pulse *of cun-ent through the primary 
of transformer 54.^ ^cner. diodes .yR2 and 
YR3 form, a protection drcuit across, th^ 
leads from the.siecondary coil of the trans- 
former 54: Tlie.i^st^^ of.some sig- 
nificance, in Vthait in .(^hjunctiori with Zener 
diode VRl it serves to prevent dangerously 
high frequencies from developing Jn the 
fixed rate circuit; illusttated in .Figure 3 if 
battery 15 were to opjen circuit and a charg- 
ing current applied, It should . be kept in. 
ifn'nd that a deniand.pacemaker circuit naight ! 
well be employed in place of the fixed rate 
pacemaker circuitry of Figure 3. 



The physical configuration of the pace- 
maker component is as illustrated in Figure 
10. The considerations of placement and the 
materials used are largdy described in U.K. 
Intent Specification No. 1419533. One very 70 
. significant "difference should be noted, how- 
ever. An annular electrically conductive band 
57 enckcles the transformer 54 of the tissue 
stimulatmg circuit. The band 57 is - posi- 
tioned in insulated concentric arrangement 75 
with respect to the primary, coils 55 and the 
secondary .coils 56 of the transformer 54, A 
highly conductive closed container 58 en- 
capsulates electrically conductive band 57 
and the transformer 54. Container 58 is elec- 80 
trically insulated from band 57 and: the 
transformer 12 as; illustrated. The purpose 
of utilizmg the metal band' 57 and me con- 
tahier 58 is to prevent the charging field from 
the power source 13 from 'causmg current 85 
'flow in the transformer 54?- ,Dnce subjected 
^ to a charging fieldy a current flow is induced 
in the metal band 57^ and -container 58 . in- 
. duces an opposmg magnetic field that can- 
; eels the effects, of the original magnetic field 90 
; from the power source 13 or charging chcuit 
/ 10. The :tiahsf ormer 54 is thereby rendered 
■ ^insensitive tortile fields? from chatrging head 
42 and charging circuit 10. The metal band 
57 is prefer4>ly constructed of copper while 95 
the metal box 58 is usually constructed of a 
riinagneticallyj shielding ^metal sudi as ;soft 
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. ; WHAT WE CLAIM IS :-r 
i : 1> r. A j:0chargeable tissue stunulating 
vtsystem comprising: - ; _ 
cv: : . * meatis iimfdantable in a living subject 
for applying electrical pulses to stimulate 
; selected tissue of said subject,, said means 105 
includjuigoavreirfiargeable^TO^ source 
supplying ppwer for said pulses; ' 
' r internal . means, \ including internal 
. charging means, implantable in said subr:. 
ject for providing ^ chargmg current, and 110 
for applying said charging current to said 
voltage source; : 
v; \_ external power means, external to said 
^ : , livmg subject for supplying power to said 
vinternal chargmg means througji the sub- 115 
ject's skm. said external power means be- 
ing positionable?extem^ to said living 
subject proxmiate to said internal charg- 
;ing means;': . .^ j ^ , f 

vtelemetty means implantable in said 120 
subject and connected- to said internal 
charging meansi^for. detecting the mag- 
nitude of the: charging current provided 
by said internal charging means and for 
- providing an output si^al indicative of 125 
.the, magnitude of the charging ^current 
. provided by said internal charging means; 
, - . external circuit nieansi external to said 
. 'Subject, for receiving the output signal 
•from said telemetry means and for pro- 130 
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ducing an external output signal indica- 
tive of the magnitude of the diar^g 
curr^t provided by said internal charging 
means; and 

5 external control means connected to 
said external power means and to said 
external circuit means for controlling the 
power supplied by said external power 
means as a function of said external out- 
10 put signal, whidi mdicates the magnitude 
of the chargmg current provided by said 
internal charging means, to Ihnit said 
charging current magnitude not to exceed 
a predetermined limit. 
15 2. A system as claimed in Qaim 1 fur- 
ther including regulator means implantable 
in said subject and coimected to said internal 
charging means for limiting the magnitude 
of the charging current, a{>p]ied by said' in- 
20 temal charging means to said yolta^ source, 
not to exceed a preselected magnitude. - 

3. A system as claimed in Qaim 1 or 2 
further including external indication means 
responsive to said external output signal for 

25 providing a first indication when the magni- 
tude of the charging current is not less flban 
a predetermined magnitude and a second in- 
dication when the magnitude of the charging, 
current is less than said predetermined mag- 

30 nitude. 

4. A system as claimed in Qaim. 3 
whardn said first and second indications are 
humanly sensible. 

5. A system as clahned in claim 4,:where- 
35 in said first and second indications are 

humanly visible and/ or audible mdications. 

6. A system as claimed in Qaim 3, 4 or 
5 wherein said first indication is provided 
by a first light source which is energized 

40 when the magnitude of the chargjuig curreait 
is not less than said predetermined magni- 
tude. 

7. A system as claimed in Qami 3, 4, 5 
or 6 wherein said second indication is pro- 

45 vided by a source producing a humanly 
audible souund when said charging cuirent 
magnitude is less than said predetermined 
magnitude. 

8. A system as claimed in Qaim 1 or 2 
50 further including external timing means for 

providing a first sequence of pulses at a first 
frequ^cy when said external output signal 
indicates that said charging current magni- 
tude is not less than a pred^ermined magni- 
55 tude and a second sequence of pulses at a 
second frequency when said external output 
signal indicates that said charging current 
magnitude is below said predetercined mag- 
nitude. 



?. A system as claimed in Qaim 8 60 
wherein said timing means further includes a 
register adapted to store a count therein 
which is variable between an upjjer limit 
and a lower limit, means for applying each 
pulse of said first sequence to vary the 65 
count in said n^ster in a first durection, and 
for applying each pulse of said second se- 
quence to vary the count m said register in 
a second opposite directioa 

10. A system as claimed in Qaim 9. fur- 70 
ther comprising means coupled to said 
r^st^ for providing a humanly sensible 
indication when the count in said register 
reaches a selected one of said limits. . 

11. A system as claimed in Claim 10 75 
further including display means connected 

to said register for visually displayuig the 
count therein. . 

12. A system as claimed in any preced- 
ing Claim further including a harness sdec- 80 
tivdy fastenable to a sdected external por- 
tion of the subject body proxunate to the 
location of said internal charging means in 
said subject, said harness having an exposed 
contact surface, and said external power 85 
means having an exposed contact surface 
for engaging the exposed contact surface 

of said harness, to tiiereby maintain said 
external power means proxunate said Lntemal 
charging means. 90 

13. A system as claimed in any preced- 
ing Qaim wh^in said external power means ^ 
includes charging head means for setting up 
an altematmg magnetic field and said in- 
ternal charging means includes a coil in^ 95 
which powar is induced by said alternating' 
magnetic field, and further induding means' 
for controllmg the magnitude of the alter- 
nating magnetic field as a function of said 
external output signal which is mdicative of 100 
the magnitude of the charging current pro- 
vided by said internal charging means. 

14. A rechargeable tissue stimulating 
system substantially as h^ein described 
with reference to the accompanying draw- 105 
ings. 

ELBONGTON & FIFE, 
Chartered Patent Agrats, 
Hi^ Holbom House, 
52/54 BKgJi Holbom. 
London, WCIV 6SH. 
Agents for the Applicants. 
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